Sorghum, one of the most popular cereals in the world, can be used directly or in malted and/or fermented form in the preparation of several traditional foods. The aim of this study was to investigate the effects of malting conditions to quality germination of red sorghum in order to select the malted sorghum for beverage production. Twenty malts types originated from red sorghum (Sorghum bicolor L. Moench) were produced under different experimental conditions: steeping (30 °C for 15 -44 h with and without aeration), germination (30 °C, 98 % relative humidity, 45 -72 h) and drying or lyophilisation. Dry matter loss, production of sugar, α and β-amylase activities were determined. The obtained results showed the distribution of dry matter loss during malting: steeping (2.2 -4.0 %), germination (3.7 -6.5 %), drying (1 %) and degerming (4.3 -7.5 %). The starch was slightly hydrolysed (2.5 %) for producing soluble sugars: maltose (2.9 -4.0 %) and glucose (1.7 -3.6 %). Any organic acids production during the malting was detected. The obtained malted sorghum contained high α-amylase activity but a low level of β-amylase. The highest α-and β-amylase activities were 173.1 U.gms -1 and 3.4 U.gms -1 , respectively. These results were obtained for steeping 44 h with aeration, germinated 45 h and lyophilised sorghum. The amylase activities were positively correlated with the water content of grain at the end of steeping.
INTRODUCTION
Sorghum is a plant belonging to the Poaceae family and appears as the most cultivated cereal in the intertropical zones of Africa [1] . Sorghum can be used directly or in malted and/or fermented form in the preparation of several traditional foods such as porridge, pasta, alcoholic and non-alcoholic beverages. Sorghum malt is used to produce a variety of foods and more recently, it was suggested for the production of infant foods in order to provide the high nutritional value of the derived products. The traditional malting process consists of three steps: steeping, germination and drying. This technique enriches the cereals with hydrolytic enzymes such as amylase (α-and β-) and protease, sugars, free amino acids and vitamins, thus improving the technological and nutritional quality of products [2] . Malting also has the advantage of reducing the antinutritional compounds of cereal grains and of increasing the bioavailability of minerals such as iron and zinc [3] . Moreover, the addition of malt to infant flours allows obtaining high-energy-density of slurries. Red sorghum variety contains also different antioxidant compounds such as anthocyanins and oligo-elements; no husk which facilities the food and beverage productions from this material. However, there were few studies which examined the impact of malting conditions to quality of germinated sorghum, especially in Viet Nam. The present study aims to improve the quality of red sorghum malts for the production of food and beverage products by defining the optimum operating conditions for the production of high quality red sorghum malt.
MATERIALS AND METHODS

Sorghum
Grains of red sorghum (Sorghum bicolor L. Moench) were purchased on the local market in Cotonou, Benin; it was a tannin free cultivar as assessed by ISO procedure. Grains were sieved through a 2 mm sieve. Impurities were removed by hand and the grain was stored in a cold room (4 °C) until use.
Physical characterisation of grains
The 1000 kernel weight was determined by an automatic counter Numigral (Chopin Technologies) accorded with the AFNOR NF V03-702. The number of grains in 20 g was counted and then the mass corresponding to 1000 grains was deduced. Three technical replicates were carried out for average value. The mass of 1000 grains was expressed in grams (dry basis).
The water content of the grains and malts was determined according to standard method NF-V03-707. After drying at 130 °C for 2 h, samples were then cooled in a desiccator for 30 min. The results expressed as a percentage of water content in wet basis.
Biochemical analysis
Activity of α-and β-amylase
The activity of α-amylase in malts was determined by the kit of Megazyme (K-CERA 08/05). This method based on the hydrolysis of p-nitrophenyl maltoheptaoside by the α-amylase in the sample. The products of this hydrolysis were glucose and p-nitrophenol that were quantified by spectrophotometry at 400 nm. The optical density was directly proportional to the α-amylase activity expressed in CU/g of malt in dry matter (dm). One CU is defined as the amount of enzyme required to release one micromole of p-nitrophenol from BPNPG7 in one minute. The activity of β-amylase in malts was determined by the Betamyl-3 assay kit (Megazyme K-BETA3 10/10). The principle based on a hydrolysis of p-nitrophenyl maltotrioside by the β-amylase in the sample. The products of this hydrolysis: p-nitrophenyl-β-D-glucose and p-nitrophenol were quantified by spectrophotometry at 400 nm. The optical density was directly proportional to the β-amylase activity expressed in BU/g of malt in dry matter. One BU is defined as the amount of enzyme required to release one micromole of p-nitrophenol from PNPβ-G3 in one minute.
Germination power
Exactly 50 grains were put into a Petri disk with two filter papers (Whatman No °1). 5 mL distilled water was added for humidifying these papers (2.5 mL for each) before good sealing by a parafilm. The incubation was performed at 30 °C. The germinated grains (with 0.5 mm of seedling minimum) were counted each 24 h until 4 days. These germinated grains were eliminated after each counting. The germination power (%) was defined as a ratio of germinated grains and initial grains after 4 days. This experiment was realised in triplicate to deduce an average value.
Starch, sugars and organic acids content
Starch content was determined by gel permeation chromatography [4] . Starch was solubilized by 1M NaOH at room temperature for 5 days under constant gentle stirring. The suspension was diluted ten times with water and stirred gently for two more days. The solution was then filtered through a 5 µm pore size sieve and 100 µL was injected on a Superdex Peptide 10/300 GL column (GE-Healthcare Bio-Sciences, Uppsala, Sweden). Elution was performed at 0.8 ml/min by 0.05 M NaOH at room temperature. A refractive index detector (RID 6A, Shimadzu, Vitry/Seine, France) was used for detection. The soluble sugars and the organic acids were extracted at ambient temperature in an aqueous medium (5 mM H 2 SO 4 ). They were then separated by HPLC on an ion exclusion column (Aminex HPX87H-Biorad, Hercules, USA) at 35 °C [4] . Elution was performed by 5 mM sulfuric acid at a flow rate of 0.6 mL/min. The soluble sugars were quantified by refractometry and the acids were identified by UV spectrophotometry at 210 nm.
Production of germinated red sorghum
In order to investigate effects of malting conditions to malt quality, several factors had been varied: time of steeping and germination, aeration condition, drying method: by hot air and lyophilisation. A 100 g of red sorghum grains (dehusked, clean) was prepared for each experiment. These grains were put into a metal basket (20 cm height, 5cm diameter) and steeped in deionised water (5 L) at 30 °C for 15 h or 44 h. Continuous aeration or non-aeration was applied during steeping. Aeration was assured by an air pump for aquarium. For non-aeration, an oximeter (Oxi 330i, WTW GmbH & Co. KG, Germany) was introduced for following the dissolved oxygen in water. After steeping, excess water was drained off and the grains were placed in semi-hermetic plastic boxes and were left to germinate in an air-conditioned cabinet (30 °C, 98 % relative humidity) for 45 h (steeping 44 h) or 72 h (steeping 15 h). The grains were then dried in a forced air dryer (60 °C, 40 % relative humidity) for one hour and twenty minutes or lyophilised during 24 h. The dried malt was then manually degermed and ground in a Laboratory Mill 3100 (Perten Instruments Haagersten, Sweden) equipped with a 0.5 mm sieve. Malt flours were stocked in plastic boxes at 4 °C. All the malt processing condition were summarised in Table 1 below. 
RESULTS AND DISCUSSION
Raw material characterization and loss of dry matter during malting
The physical and biochemical characteristics of dehusked sorghum grain were determined as follow: moisture 9.9 ± 0.1 %; weight of 1000 grains: 31.6 ± 0.1 g; germination power: 91.0 ± 0.2 %; activity of α-amylase: 0.3CU/g dm; starch: 81.5 % dm; maltose: 1.1 % dm and glucose: 0.3 % dm. The used grains were ranged as large grains whose weight of 1000 grain was 31.6 g. Depending on sorghum variety, this value normally varied between 7.3 and 44.2 g [5] . The grain contained very low level of maltose, glucose and amylase activity. The germination power of grain was 91 % which was lower than those of kernel with husk [5] and of barley. This problem was occurred due to the impact of dehusk step on sorghum germ. The grains were steeped, geminated and air-dried or freeze-dried (lyophilised) and their dry matter contents were quantified after each step. For non-aeration condition, the dissolved oxygen decreased rapidly during steeping and was lower than 1 mg/L beyond only 6 h. During malting, it had a significant loss of malt dry matter (from 12.1 % to 16.1 % of the initial dry matter). The Table 2 below showed the repartition of losses for different steps of malting (results for steeping of 15 h). The highest loss was found in the degermage step (5.9 %), followed by the germination (4.2 %), steeping (2.2 %) and drying (1 %) (assuming that freeze-drying caused any loss of dry matter). The germination, especially respiration (dry matter loss by gases productions) played a nonnegligible role in the loss of dry matter during malting. This observation was strengthened by previous works. An average of 61 % of dry matter losses was counted for respiration losses [6] . If malts were lyophilised, 1 % dry matter would be saved comparing to air-dried malts. The loss during malting was positively correlated with steeping duration. This quantity increased from 12.8 % to 16.3 % when the steeping time was extended from 15 h to 44 h ( Table 2 ). This increase came from steeping (1.6 %) and also from germination (1.6 %) and degerming (0.3 %). Prolonging the steeping time, the diffusion of dry matter inside grains in water increased, the respiration was promoted by higher moisture of grains, and thus the losses became more important. The obtained malt yield was close to that measured in sorghum (9.3 -19.0 % of losses) [2, 6] and in millets [7] . However, malting losses were much lower than those measured for sorghum after five days of germination (around 25 %) [8] . Malt losses indeed increase dramatically after two days of germination. This was due to rootlet and germ that represents more than 10 % of dry weight after five days, but also to metabolic activity [7] . Indeed, in our conditions, rootlets represented from one third to half malt losses, whereas almost half was attributed to metabolic reactions. 
Effects of malting conditions to amylase activities of sorghum malts
The amylase activities of different sorghum malts were presented in Figure 1 (A+B). The average values ranged from 88.1 to 165.4 (CU/g dm) for α-amylase and from 2.6 to 3.7 for β-amylase. As we can see, the sorghum malt contained very low β-amylase activity and both of amylase activities were lower than those of barley malt in reference (barley malt in Megazyme Kit: 335 CU/g dm and 21.5 BU/g dm). They took only 50 % of the α-amylase activity and 17 % of the β-amylase activity of barley malt. Interestingly, the malts prepared in the laboratory displayed much higher α-amylase activity than commercial sorghum malts produced either industrially (28 CU/g) [9] or at home (15 CU/g) [3] . This may be due to a varietal effect and malting conditions. The impacts of steeping time and aeration condition were clearly demonstrated in Figure 2 (A+B). While any impact of aeration was observed for steeping time of 15 h, the continuous aeration appeared more efficiency for long duration of steeping (44 h). Moreover, extending the time of steeping also provided an increase significant of amylase activities. Considering the impact of drying method, Figure 3 -A showed that the air-drying caused a negative effect on amylase activities comparing to lyophilisation method. This can be explained by the thermal ability of enzymes in sorghum malts beyond 70 °C [7] . After one hour and twenty minutes of drying at 60 °C, about 20 % of α-amylase activity and 12 % of β-amylase activity were lost comparing to those of freeze-dried malts. According to the results presented above, the grain moisture after steeping was positively correlated with amylase activities. This significant correlation was presented in Figure 3 -B. That is, an increase of water content of steeped grain involved higher activities of amylases. An increase of 30 % of amylase activities was obtained when the grain moisture passed from 40 to 50 %. This interesting impact can be achieved by increasing the residual water in the steeping basket or by prolonging the steeping duration. The second solution presented more effective, however, it caused a higher loss of dry matter. The highest value of amylase activities of sorghum malt was 173 (CU/g dm) for α-amylase and 3.7 (BU/g dm) for β-amylase which were obtained under condition of 44 h of steeping with aeration and having a water content at the end of steeping close to 52 % then lyophilised. 
Evolution of starch, soluble sugars and organic acids during malting
Starch degradation was occurred slightly during malting; the starch content of malt (79.0 %) was only by 2.5 % less than that of raw grain. This degradation was a result of the amylase activation producing simple sugars such as glucose and maltose. Starch degradation was very low (2.5 % losses) compared with other results (between 10 and 20 % losses) [2, 7] measured after two days of germination. This may be due to a cultivar effect as Dicko et al. (2006) [1] reported that starch loss could vary between 0.3 and 10.4 % depending on the sorghum cultivar used. The increase in maltose and glucose in our study was quite low, in agreement with the starch degradation level. Maltose (3.2 -4.1 %) and glucose contents (1.7 -3.6 %) of the malt were only slightly higher than that in the grain (1.1 and 0.3 %, respectively) ( Table 3 ). These highest values of maltose and glucose were obtained for 44 h steeping with aeration and air-dried malt which contained the highest amylase activity among the produced malts. The sugars contents of dried malts were higher than lyophilised malts. This can be explained by the thermal treatment during drying which promoted the enzymatic reactions of hydrolysis of starches in giving simple sugars. Any organic acids production was observed during malting. 
CONCLUSIONS
In this study, the most suitable of malting conditions for production of germinated red sorghum were determined as follows: 44 h of steeping with continuous aeration, 45 h of germination (30 °C, 98 % relative humidity) and lyophilisation which can be replaced by an airdrying (60 °C, 1 h 20 min, 1.3 m/s) in order to cost saving. The amylase activities in sorghum malts were positively correlated with grain moisture after steeping. The obtained malts presented an interesting activity of α-amylase which can be used as raw material for the production of fermented food and beverage products.
